tributions of market share changes during the competitive phase and under collusion. If the cartel members are able to agree on market shares (collusion), we expect a leptokurtic distribution of market share changes around zero because of more "near-zero changes" compared to a competitive situation. We employ the Kolmogorov-Smirnov test, which is a non-parametric (distribution-free) test comparing two distributions. All the cartels we analyse are German and the relevant organisations were recently prosecuted by the European Commission. The data was provided by the German Federal Statistical Offi ce. The paper is structured as follows. Firstly, we discuss the theoretical background and hypothesis. We then present the data used for our analysis. Finally, the empirical results and some conclusions are presented.
In any market, fi rms have an incentive to coordinate their decisions and increase their collective profi ts by restricting output and raising market prices, which leads to a welfare loss. Antitrust authorities therefore require effective methods of detecting such collusion. Previous studies have revealed many different characteristics of collusive behaviour. For example, Porter and Zona 1 , and Bajari and Ye 2 concentrate on some selected bidding markets and demonstrate the difference between collusive and competitive bidding behaviour. For studies that analyse price dispersion in order to detect collusive behaviour, see Abrantes-Metz et al. 3 and Bolotova et al. 4 Blanckenburg and Geist 5 present a system of cartel markers (SCM), which includes a number of cartel markers based on expected behavioural patterns such as a low level of capacity utilisation, slackness of price adjustments to exogenous shocks, excess rates of return, near constant capacities, minimal price changes, a low variance of capacity growth rate and cost ineffi ciency.
In this paper, we extend the discussion to the stability of market shares as a further marker, as proposed by Harrington 6 , for example. The hypothesis is that market shares are more stable under collusion. If so, antitrust authorities may be able to detect cartels by identifying changes in market share volatility. However, no empirical verifi cation of this marker has so far been undertaken. In order to do so, we analyse ten recently discovered instances of collusion and compare the dis-Alexander Geist* and Korbinian von Blanckenburg**
Cartel Detection -Is Market Share Volatility a Signifi cant Indicator?
In this short paper, cartel behaviour is analysed with respect to the market shares of cartel members. There is some evidence in previous theoretical and empirical research that market shares under collusion are more stable than in phases of competition. It is shown that this can be an artifact and that market share volatility may not be used by antitrust authorities as an exclusive indicator of tacit collusion. Using the Kolmogorov-Smirnov test, the distribution of market share changes during both the competitive and the collusive phases of ten recently discovered conspiracies is compared. Only in 3 of the 10 cartels were the distributions of market share changes signifi cantly different. Antitrust rington 12 warns that market share stability may only be observed when one uses the right measure. If the cartel is not all-inclusive, a particular cartel member's market share may fl uctuate if the non-cartel supply changes (the latter would generally be expected to increase due to the high prices created by cartel members) while at the same time its share of the cartel supply is stable. Therefore, we do not expect exact zero changes, but more changes near zero, compared to the competitive benchmark. Hence, H 0 : the distribution of changes in market shares under collusion has a higher peak around zero.
The expected distributions of market share changes under collusion and competition are illustrated in Figure 1 .
The introduced marker can only be used for antitrust screening and regulatory purposes if a change in the distribution of market shares changes is observable. There is some evidence supporting the hypothesis that stable market shares are not the consequence of a collusion but a precondition. Staiger and Wolak's 13 theoretical model states that under capacity constraints instable market shares across oligopolistic fi rms are an indicator of an inability to collude effectively. Grout and Sonderegger 14 provide an empirical approach, analysing economic factors that are critical to the identifi cation of cartels. They fi nd that cartels are less likely in markets with 
Theoretical Background and Hypothesis
The stability of market shares has been the focus of both enforcement and academic efforts to analyse collusive behaviour. In a dynamic Bertrand game, Athey et al. 7 show that under collusion market shares are more stable than in competitive equilibria, which holds for independent cost shocks across fi rms and over time and also when fi rms' costs are consistent over time. Caves and Porter 8 analyse the infl uence of market structure on oligopolistic behaviour and conclude that stable market shares provide an indicator of oligopolistic bargaining. When fi rms agree on a cost-minimising distribution of production, they effectively allocate market shares. If this constancy is interrupted, we expect that this instability will lead to less complete collusion. Shepherd 9 states that the greater the stability, the higher the probability of overt or covert cooperation. Lorenz 10 provides some empirical evidence of more stable market shares for the German cement cartel. Ogur 11 fi nds that market shares in the turbine generator industry were more stable during its period of formal collusion.
However, no empirical verifi cation of this marker by the analysis of numerous cartel cases has been undertaken so far. If fi rms are able to freeze their market shares, we expect to observe zero changes in market shares. Har-7 S. A t h e y, K. B a g w e l l , C. S a n c h i r i c o : Mean of absolute market share changes (in t = 1) 0.10 
Data Description
The present study uses quarterly data of market share changes provided on request by the German Federal Statistical Offi ce (GFSO) for selected industries from 1995 to 2009. Because of data protection, the values of the market shares of the individual fi rms are not publicly available. In order to anonymise the data, we used the mean of the absolute market share changes ΔΩ of individual fi rms i,j = {1,...,n} at time t, which is suffi cient to indicate the volatility of market shares. The market shares for the fi rms are calculated as a quotient Ω t of gross output Φ t and the output sum of the industry. In the following analysis, ΔΩ is used as a "market share indicator":
An example for the calculation of ΔΩ is given in Table 1 .
If there are no changes in market shares the mean is zero. All cartel industries in the study are grouped according to the statistical classifi cation of economic activities in the European Community (NACE Antitrust is designed to categorise data. 15 The cases presented were of fi rms prosecuted by the European antitrust authority. The case descriptions also contain the cartel periods, which we use to differentiate between the periods of competition and the periods of collusion. 16 Table 2 lists the product markets analysed. We were able to analyse cartel markets at the lowest possible of level aggregation. Finally, in Table 3 we list the companies involved and the total fi nes imposed by the European Commission.
Empirical Results
In order to detect whether cartel market share volatility is different from that in situations of competition, let us fi rst observe the distribution of market share changes under competition (continuous line) compared to the distribution of market share changes in a cartel (dotted line) in Figure 2 . To illustrate the changes in market shares, we use our "market share indicator" ΔΩ, as introduced above. In particular, we show the kernel density of the distribution of ΔΩ. 17
In Figure 2 mixed results can be observed. For only two industries (hydrogen, monochlor) is it immediately evident that in a cartel the market share changes are much less volatile. For all other industries, no large differences can be found. Furthermore, we employed the Kolmogorov-Smirnov test, which is a non-parametric (distribution-free) test which measures the distance between the empirical distribution functions of two samples. The null hypothesis of the test is that both samples are drawn from the same distribution. Formally, the test statistic is defi ned as follows:
where F 0 (x) and F 1 (x) are the empirical cumulative distribution functions for each of the two samples being compared. In other words, the empirical cumulative distribution functions are compared (as absolute differences in function values) at each point of distribution support, after which the largest absolute difference is taken as the Kolmogorov-Smirnov test statistic. If this supreme absolute difference exceeds a certain critical value, the null hypothesis of the two samples being drawn from the same distribution is rejected.
The results of the traditional Kolmogorov-Smirnov test data are reported in Table 4 . In this case, the null hypothesis is rejected for three industries (switching, monochlor and hydrogen peroxide) and almost rejected for Vitamins. We can conclude that the distributions of market share changes under competition and cartels differ only in three of ten cases. These differences can be detected graphically and with the Kolmogorov-Smirnov test.
Conclusions
There is some evidence in previous theoretical and empirical research that market shares under collusion are more stable than in competition. If so, changes in market share volatility could be used by antitrust authorities as a possible marker of tacit collusion. In this paper,we test this hypothesis using data from ten recently discovered conspiracies. We use the Kolmogorov-Smirnov test to examine the differences in the distributions of market share changes during collusive and non-collusive periods. Only in 3 out of 10 cartels were the distributions of market share changes signifi cantly different. In two out of these three cases (monochlor and hydrogen), however, the market share changes under competition are even less volatile than under a cartel. Hence, we fi nd no support for the hypothesis that market shares in a cartel are more stable than under collusion. A possible explanation could be that market share stability is a condition for, rather than a consequence of, successful collusion. However, further empirical research would be necessary to verify this hypothesis. Table 4 Comparing Cartel and Competition Market Share Volatility
